here are reports of coronary vasospasm causing acute myocardial infarction (AMI). [1] [2] [3] [4] [5] Nitrates and calcium antagonists are usually effective for coronary vasospasm and most patients respond to these drugs, but there are some refractory cases. Moreover, spontaneous multivessel coronary vasospasm in patients with AMI is not common, 5 but once it occurs, there is a high rate of hemodynamic collapse. Therefore, clinicians hesitate to administer a sufficient high dose of isosorbide dinitrate (ISDN) or verapamil in this situation. There are also previous reports about refractory coronary vasospasm that was only relieved by intracoronary administration of nicorandil. 6 In the patient presented here, multivessel coronary vasospasm caused hemodynamic collapse that was not relieved by ISDN, only by intracoronary administration of nicorandil.
protein 116 mg/dl, high-density lipoprotein 51 mg/dl, blood sugar 141 mg/dl, and hemoglobin A1c 5.0%. She did not have any coronary risk factors nor was she a smoker or in menopause.
Physical examination on admission revealed a heart rate of 75 beats/min and blood pressure of 111/67 mmHg. The 12-lead ECG showed ST-segment elevation in leads II, III, and aVF, (Fig 1B) so emergency cardiac catheterization was performed because recurrent inferior AMI was suspected. Heparin (100 U/kg body weight) was administered. Emergency coronary angiography showed subtotal occlusion of the right coronary artery (RCA; Fig 2A) and left first diagonal branch (Fig 2B) . Subsequently, bradycardia occurred, her blood pressure decreased and she progressed to cardiogenic shock with hemodynamic collapse. Her blood pressure fell to 62/42 mmHg, and her heart rate fell to 24 beats/min. Accordingly an intraaortic balloon pump (IABP; Edwards Lifesciences Co Ltd, CA, USA) and temporary pacemaker (Edwards Lifesciences) were inserted. We diagnosed severe major 2-vessel disease, so IABP was essential to maintain her hemodynamics. After her vital signs stabilized, thrombectomy was performed using a 7Fr JR4 guide catheter (Launcher ® ; Medtronic Co Ltd, MN, USA) and guide wire (athlete GT soft ® , Life Line Co Ltd, Tokyo, Japan) to cross the RCA stenosis. We aspirated thrombi with a 7Fr catheter (thrombuster II ® ; Kaneka Co Ltd, Osaka, Japan), retrieving some white thrombi, so we administered ISDN (1 mg) into the RCA. Because the coronary stenosis did not improve, we subsequently administered nicorandil (2 mg) into the RCA, which relieved the subtotal occlusion. Intravascular ultrasound (IVUS) (Atlantis ® ; Boston Scientific Co Ltd, MA, USA) was used to observe the site of stenosis in the RCA, which was a narrow vessel that seemed to show negative remodeling (Fig 3) . 7 During IVUS, spasm occurred repeatedly, but administration of nicorandil always relieved it (Fig 4A) . Angiography of the left coronary artery (LCA) showed that the first diagonal branch stenosis was also alleviated (Fig 4B) .
After that, we administered nicorandil (1.3 ), heparin (400 U/h) and diltiazem (0.6 ) by continuous intravenous A 49-year-old woman was referred to hospital because of chest discomfort. Coronary angiography revealed subtotal occlusion of the left coronary artery and the right coronary artery, but subsequent hemodynamic collapse occurred. Based on the results of intravascular ultrasound the occlusion was suspected to be caused by coronary vasospasm, which was not relieved by intracoronary injection of isosorbide dinitrate (1 mg), but was alleviated by nicorandil (2 mg), a potassium-channel opener. After discharge from hospital, the patient stopped taking her medication and returned complaining of chest discomfort again. Intravenous verapamil (5 mg) did not improve it, but direct intracoronary administration of nicorandil (2 mg infusion. Her peak serum creatine kinase level was 848 IU/L at 6 h after coronary intervention. Vasospasm did not recur, so we switched to oral medication, administering aspirin (100 mg/day), warfarin (2 mg/day), diltiazem (200 mg/day), nicorandil (15 mg/day) and famotidine (10 mg/day). Her symptoms remained stable, and she was discharged from hospital in early April, but 4 days later she was brought to hospital again with the complaint of chest oppression. She had stopped her medications after discharge. On the ECG, there was ST-segment elevation in leads II, III, and aVF, suggesting the recurrence of RCA spasm. Sublingual nitroglycerin did not improve her symptoms and the ST elevation persisted in the 3 leads. Emergency cardiac catheterization revealed a new site of RCA stenosis (Fig 5A) .
A 7Fr JR4 guide catheter (Launcher ® ; Medtronic) and guide wire (athlete GT soft ® , Life Line) were used to cross the stenosis, but no thrombus was aspirated using a 7Fr catheter (thrombuster II ® ; Kaneka). Therefore, we administered ISDN (1 mg) into the RCA, but the stenosis did not improve. Next, verapamil (5 mg) was given intravenously because we considered that the stenosis was secondary to vasospasm, but there was no response, so we administered nicorandil (2 mg) into the RCA and the stenosis was alleviated ( Fig 5B) .
After that, nicorandil (1.3 ), heparin (400U/h) were given by continuous intravenous infusion, then changed to oral medication again. There was no recurrence of vasospasm and she was discharged at the end of the month.
Discussion
Coronary vasospasm is reportedly common in Japanese patients 8 and is usually alleviated by intracoronary ISDN, although the underlying mechanism remains unclear. Coronary vasomotor tone is maintained by the balance between contraction and relaxation of vascular smooth muscle. If vasomotor tone is too high, coronary artery spasm may occur. Coronary vasomotor tone is regulated by nitric oxide (NO) produced by vascular endothelial cells, 9 but it has been shown that excessive contraction of coronary artery smooth muscle leads to abnormal vasomotor tone, with the vascular endothelium not being important. 10 Accordingly, the pathogenesis remains unclear.
If endothelial cells are injured, the blood level of NO decreases. Administration of ISDN supplies NO, but was not effective in the present patient, suggesting that damage to vascular smooth muscle was involved. On first admission, she developed cardiogenic shock and we were unable to administer verapamil. 11 On the second admission, verapamil was administered intravenously, 12 but the coronary vasospasm was not improved. However, intracoronary nicorandil was effective on both occasions.
We administered only 1 mg of ISDN because the patient progressed to cardiogenic shock with hemodynamic collapse. Ejima et al 13 reported that nicorandil 1.0 mg and ISDN 1.0 mg exhibited an almost equivalent coronary dilating effect, and ISDN had the added disadvantage of causing hypotension with resultant tachycardia. They reported that intracoronary injection of ISDN 1.0 mg did not cause arrhythmia or hypotension. Inoue et al reported that 2 mg of nicorandil is the optimal dose, 14 and there have been no previous reports on the effect of intracoronary administration of 3 mg nicorandil.
Nicorandil acts as both a nitrate and a potassium-channel opener. It activates cytoplasmic guanylate cyclase (GC), which leads to an increase in cellular levels of cyclic guanosine monophosphate (cGMP) and a reduction in cytosolic calcium, with subsequent relaxation of vascular smooth muscle. 15 As a potassium-channel opener, nicorandil increases the efflux of K + from cells, which causes hyperpolarization of the cell membrane and indirectly suppresses opening of the voltage-dependent Ca 2+ channels, resulting in vasodilation. 16 In addition, nicorandil increases the cGMP levels in a NO-independent manner via direct activation of GC. 17 In the present case symptoms could not relieved by ISDN, but were by nicorandil, so we consider that there was either a direct effect of nicorandil or that it acted via the potassium channels, which led to the improvement of coronary artery spasm.
The vascular potassium channel is an assembly of Kir 6.1 and SUR 2B. 18 Both Kir6.1 and SUR2-null mice show an identical phenotype of spontaneous coronary artery spasm and resultant sudden death, resembling Prinzmental angina in humans. 19, 20 These reports have pointed out an important possibility that the potassium channel may play a critical role in the pathogenesis of coronary vasospasm.
Noguchi et al reported that refractory vasospasm could be relieved by intracoronary injection of 1 mg nicorandil, 6 so we administered that dose initially, but the patient's blood pressure did not fall, and her ECG showed a normal range of QT length. Therefore, we administered another 1 mg of nicorandil (total 2 mg of nicorandil). Nicorandil was effective for vasospasm that was not relieved by intracoronary ISDN or intravenous verapamil, presumably because of its action on potassium channels.
In conclusion, coronary vasospasm affecting multiple vessels caused hemodynamic collapse in the present patient. ISDN and calcium-channel blockers could not relieve it, but the potassium-channel opener nicorandil did. Therefore, nicorandil should be considered as a treatment option when vasospasm occurs in multiple vessels and there is hemodynamic collapse, a situation in which physicians hesitate to administer ISDN and calcium-channel blockers.
